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It has been postulated that acetone is the best solvent for the
photochemical rearrangemnt cf 8-methy1-8-nitrostyrene to 1-phenyl-1,2propanedione-l-oxime and it has been postulated to be a sensitizer for
this rearrangement.

It has also been suggested that the methyl group on

the beta-carton is required for the proper orientation of the nitro
group for rearrangement.

The irradiation of r3-methyl-a-nitrostyrene in

several solvents has been studied and the yield of

OXire

has been recorded.

It has been found that several solvents gave yields of oxime higher than
that recorded for acetone.

We do not, therefore, believe acetone to be

necessary to sensitize the rearrangement.

The fact tnat essentially

quantitative yields of l-phenyl-1,2-propanedione-i-oxime were obtained
in aqueous acetone, ethanol and methanol (the yield of oxire in diethyl
ether was increased from 45% to 85.6% by the addition of 1% of water
prior to irradiation) leads us to believe that water plays an important
role in the formation of the oxime.

The role of the s-methyl group was

verified and the effect of oxygen on the rearrangement was investigated.
Irradiation of 6-methyl--nitrcstyrene in aqueous ethanol under an
oxygen stream gave benzaldehyde, benzoic acid and l-phenyl-1,2-cropanedione as the major products.
mixture.

c oxire could be detected in the reaction

CTIAPT.ER I
INTRODUCTION

The photochemical rearrangement of 0-methyl-B-nitrostyrene(I) was
first observed in 1964 by Chapman and co-,workers.1

Irradiation of 6-

methyl-a-nitrostyrene(I) with a mercury arc lamp in solvents such as
styrene and tetranethylethylene gave 1-pheny1-1,2-propanedione-l-oxime(II)
as the rajor product in approximately 33% yield.

It was later reported

that the highest yields of the oxime II were obtained using acetone as
2
the irradiation solvent.
It was postulated that acetone may be acting
RS

a sensitizer for the rearrangement.

It was also suggested that the

a-methyl group was required to provide the steric conditions necessary
for the rearrangement to occur.
Reid and others have investigated the photochemical rearrangement
of 6-nitrocholesteryl acetate(III) to 3-oximinocholest-4-en-6-one

3 4
''
(IV).2

Reid found lower yields of the oxine IV in acetone than in

other irradiation solvents.

It was also reported that the yield of oxine

IV was not altered by the use of a pyrex irradiation filter.
Hunt and Reid have recently observed the sage type of photochemical rearrangement on molecules without the steric features previously thought necessary.'
The purpose of this study was to investigate the effect of solvent
on the photochemical rearrangement of a-methyl-a-nitrostyrene(I).

The

steric requirements and the effect of a pyrex irradiation filter were
also briefly studied.
1

CHAPTER II
HISTORICAL

Alpha,beta-unsaturated nitro compounds have been found to undergo
a number of interesting reactions.

Priebs first observed the photo-

6 The nature of the photo-

dimerization of a-nitrostyrene(V) in 1884.

diner of s-nitrostyrene has mere recently been investigated by
and by Campbell and Ofstead.7
'8

Irradiation of trans-a-nitrostyrene(V)

in the solid state was found to produce l-trans-3-dipheny1-2-cis-4trans-dinitrocyclobutane(VI).

H
c=c
H7

(‘S)

NO2

p,,4

hv

\NO2

NQ2

It is interesting to note that irradiation of a-nitrostyrene(V) in
solution failed to produce a dineric product.

Irradiation of trans-a-

nitrostyreneM in solution gave c1s-3-nitrostyrene(VII).7 Similar
cis-trans isomerizations of unsaturated nitro caapounds have been
reported by Bluhm and Winstein.9

ZH
c=c
V
\
NO2

NCta
hv

c=c
VII

2

3
Parham and co-workers found that irradiation of 2-nitrObenzo-1,4dithiadiene(VIII) in the solid state gave a product IX and/or X of
undetermined stereochemistry.10

NO
2
-

NO2 NC)
2

:iecently Crialand and Reid have observed the fornation of a photodiner from irradiation of a nethanolic solution of 4-nitro-l-pheny1-1,3pentadiene(XI).11 The photodiner XII was reported in 78% yield.

This

is the only reported example of the photodimerization of an unsaturated
nitro conpouna in the solution phase.

H
\
c=c

3

H
\
AH3
c=c

NO
2

N02

CH
C

C

CH
/ 3
c=c
\
NO2

14

Hoganson has prepared a number of substituted nitrocyclobutanes by
irradiation of trans-B-nitrostyrene(V) in the presence of olefins and
12
dienes.

Irradiation of V in the presence of tetramethylethylene(XIII)

gave 1,1,2,2-tetramethy1-4-pheny1-3-nitrocyclobutane(XIV).

CI)\
C =C

CH
3N

H
-t-

C

NO2 C H3

The photo-

CH
3 hv

C
\
G

H3

NCt
3
3

cycloaddition reaction of trans-B-nitrostyrene(V) seerrs. to be very
facile; a number of the substituted cyclobutanes have been prepared in
greater than 50% yield.
Reia and co-workers have observed a novel rearrangement of heterocyclic nitroa1kenes.13

114

Irradiationof 3-(2-nitroprop-1-eny1)-

indcle(XV) caused rearrangement to an oxindole derivative (XVI).

MN

CH
/ 3
c=c
\
NO
2

hv

XV
Irradiation of 2-(2-nitroprop-1-enyl)benzofuran(XVII) in acetone gave
the 6-hydroxy-1,2-oxazine derivative(XVIII) in 45% yield.

/G H3

5
Winstein and co-workers have found that the cis-isomers of 1-

9, 15 A cyclic

pheny1-2-nitroalkenes exhibit photochromic behavior.

intemediate similar in nature to those observed by Reid was postulated.

0
hv,
dctric

This photochromic behavior of the cis-1-ary1-2-nitroa1kenes may account
for the failure of trans-B-nitrostyreneM to dimerize on in-dAdation in
solution (where it would be converted to the cis-isomer), and for the
absence of products with cis stereochemistry in the photocycloaddition
reactions studied by Hoganson.
The nitro-nitrite rearrangement is one of the most interesting
photoreactionz observed for alpha,beta-unsaturated nitro compounds.

The

rearrangement of ---methyl-a-nitrostyrene(I) to 1-phenyl-1,2-propanedi1
one-l-oxim(II) was reported by Chapman and co-workers in 1964.
Ir.,adiation in acetone afforded an 81% yield of the photoproduct.

Since

irradiations in other solvents were reported to give lower yields of
photoproduct, acetone was reported to be sensitizing the rearrangement.2
The mechanism postulated by Chapman is shown below:
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Kan has suggested the alternate pathway shown bel
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An analogous rearrangement has been observed cn irradiation of 6-nitrocholesta-3,5-diene(XIX).

The corpound 3-oximinocho1est-4-en6-one(IV)

was isolated in this case.

17

hv
HON

nx

TV

Irradiation of 6-nitrocholesteryl acetate(III) also gave the
nitro-nitrite rearrangement, but the product distribution appeared to
be hijaly solvent dependent.

Pinhey and Rizzardo irradiated III in

4
hexane and aqueous dioxane to produce the following products:

CH
8
h

4-

ACO

ACO

ACO

NO2

it

NO
2
I 0%

30%
C87

2-3%

-3%

Chacin and co-workers irradiated III in acetone (believing it to be a
2
sensitizer) and observed a different product distribution, shown below:-

ACO
NO
2

AC0

NO2

0
3%

52%

HON

II
0

2296

Reid also studied the photochemistry of 6-nitrocholesteryl acetate(III)
in a number of solvents.3 The product distribution from the irradiation
in ethanol

77,wri below:
,
C
6/H17

CO7

ACO

HON

ACO
NO2

38%

646

NO2
3%
Reid found the

tc

t

ri1tIve to the solvent employ-

ed and to the nature of the substituent at carbon 3.

In ethanol the

major product was 3-oximinocholest-4-en-6-one(IV) (38%), not 3a-acetoxy6-nitrocholest-4-ene(a) as previously reported in other solvents.

The

oxime IV was isolated in lower yield (22%) from the iiiddiation in
acetone (which was reported to sensitize the nitro-nitrite rearrangement).
Irradiation in cyclohexane failed to produce the oxire IV, with 3aacetoxy-4-en-6-one(XXI) isolated in 44% yield.

Reid also found the

yield of cxime TV to be independent of the wavelength of the light
employed (pyrex vs quartz filters).

It is interesting to note that 3a-

acetoxy-6-nitrocholest-4-ene(a) was not isolated from the irradiation
in ethanol, althouzel it was the major product of the previous irradiations using other solvents.
Is given in firure 1.

The mechanistic schere proposed by Reia

1C,
Szarek and co-workers found that the carbohydrate nitro-olefin
(XXII) undergoes rearrangement to XXII on irradiation in acetone usin. •
17
a quartz filter.
/ 02
CH =C,
CH3
hv
CH
3
CH
3

jrCH
3
'
0
CH
3
XXII

The nitro-nitrite rearranLement has also been observed in certain
anamatic nitro compounds.

Compounds such as 9-nitroanthracene(XXIV),

1-nitro-2,3-dinethylnaphthalene and 1-nitro-2-methylnaphthalene undergo
rearrangement on irradiation.1, 18, 19

Irradiation of 9-nitroanthracene

(XXIV) in acetone gave 10,10'-bianthrone(XXV), anthraquinone()OVI) and
anthraquinone monooxime(XXVII).

NO2

00
49%
;I
NOH
XXVII
26%
In the example of the nitro-nitrite rearrangement previously
discussed it may be pointed out that the nitro &',.'oup would likely be out
of the plane of the ring or the double bond for steric reasons.

It has

been postulated that the nitro 6roup must be out of the plane of the

11
lh
ring or double bonu lh order for the rearranement to occur.2
'

This

would permit (in the r,71 excited state) the overlap of the half vacant
nonbonding orbital of the nitro group with the adjacent

7

orbital of the

ring or the double bond.

This overlap, which is possible only for the out-of-plane nitro group,
leads to the formation of an oxazlridine ring(XXVIII) which collapses
to the nitrite.
0
NO

.2/ \N*
N\40
XXVII

Recently Reid and Hunt have observed the rearrangement in heterocyclic systems where these steric requirements are apparently not ful_
filled.
This involves the photorearrangement of 2-nitrofuran(niX) and
2-nitropyrrole0000 to 3-hydroxyimino-2-oxo-2,3-dihydrofuran(=) and
3-hydroxyirdno-2-oxo-2,3-dihydropyrrole(XXXII) respectively.

79%
0
XX7X

VVVT

15 Vo

An analogy to the photochemical nitro-nitrite rearrangenent occurs
20
in tne mass spectrometer.

Certain aromatic nitro compounds and unsat-

urated nitro compounds show an intense peak at an m/e of :.130.

The 11-30

peak in the nass spectrum is due to the loss of NO and may be considered
to be the result of the rearrangerent of the nitroaryi or nitroalkenyl
cation radical to the aryl or alkenyl nitrite cation radical followed
by elimination of nitrogen(II) oxide.

R-N

[R -NO2].

LR-0N=0]•

This presumably involves removal of an electron from the antisyrretric
nonbonding orbital of the nitro group.

The species thus produced is

like an n,7* excited state in that it has a half-filled nonbonding
orbital.

CHAPTER III
EXPERIMITAL

I.

Instrumentation
Ultraviolet spectra were recorded on a Cary 14 recording spectro-

photometer.

The instrument was allowed a minimum one-half hour warmup

time before use.

Infrared spectra were recorded on a Perkin-Elmer model

457 spectrophotometer.

Solid samples were run in carbon tetrachloride

solution and liquids were run as films between salt plates.

Mass

spectra were obtained courtesy of Vanderbilt University. 'ielting points
are reported uncorrected on a Fisher-Johns melting point apparatus.
Vapor phase chromatography was carried out on a Varian model 1720 dual
column instrument with disc inteoator and ,,enperature programming
capability.

II.

Irradiation
All irradiations were carried out at concentrations of approxi-

mately 0.004 moles of a-methyl-f3-nitrostyrene(I) in 550 ml. of solvent.
The solution was stirred magnetically.

A stream of N2 gas was bubbled

thrown the solution for at least a half-hour prior to the start of the
Irradiation.

A Hanovia type 673 A-36 550-watt medium-pressure mercury

arc lamp was used for the light source.

The lamp and cooling jacket

(pyrex or quartz) were fitted into a 550 ml. capacity reaction vessel
(Ace 31ass No. 6515) through a 60/50 standard taper joint.

The reaction

vessel was equipped with three side arm exits near the top to accomme13

date a thermometer, a condenser, anu a dispersion tube for the introduction of Rases.
Temperature of the solution was followed during irradiation by a
Cole-Parmer model 8390-3 electronic thermometer.

The flow of water

through the cooling jacket was adjustea to keep the temperature of the
solution below 40°C during the irradiation.
The progress of the reaction was followed by removing aliquots and
recording the ultraviolet spectra.

The solution for the ultraviolet

spectrophotometer was prepared by diluting 1 ml. of the aliquot to 100 -I.
in a volumetric flask.

The 1 ml. aliquot of solvent (with a significant

absorption in the ultraviolet region) was first evaporated and then the
residue was taken up in alcohol and diluted to 100 mi. in a volumetric
flask.

The irradiation was stopped when there was no longer a signifi-

cant absorption at 305 nm (due tc the unsaturated nitro
III.

oup).

Vapor Phase Chromatography
Vapor phase chromatographic analysis made use of three different

columns, a six foot X one-fourth inch stainless steel column containing
10% Carbowax (20 11) on Chromosort W (00/80 mesh) and two five foot X onefourth inch stainless steel columns.

One five foot colunn contained 20%

SE--30 (Silicone aum rubber) on Chromosorb W (60/80 mesh); the other contained 3% SE-30 on Varaport 30 (100/120 mesh).
tine

were:

Constant instrument set-

detector temperature, 275°; filament current, 150 rilliarps;

injection port terperature, 240°; and average helium flow rate 140 ml./
min.

Oven temperature was 170°C unless otherwise noted.

Retention time

agreement and peak enhancement with authentic samples were obtained for
all assigned peaks.

Product yields were Obtained by the method of

osie and ...3rob.

21

The product count fror the disc integrator was ulvided by the relative
response value tc obtain a true response value.

The true value for tne

product was divided by the count for the internal standard (benzophenone)
and multiplied by 100 to obtain the mole percent of the product.

The

relative response value for each product was determined in the following
manner.

A solution containing a 1:1 mole ratio of the product and the

internal standard (benzophenone) was prepared.

A sample of the solution

was analyzed by vapor phase chromatography and the count for the product
and the internal standard were obtained.

The relative response value is

the ratio of the product count and the internal standard count.
A standard method of analysis was developed for the reaction mixture following irradiation.

Benzophenone

'.47P_

added (1 mole equivalent)

following irradiation as an internal standard for gas chromato7aphic
analysis.

The irradiation mixture containing the internal standard was

then concentrated under reduced pressure.

For aqueous solutions the

reaction mixture was taken to dryness to remove as much water as possible
to avoiu "tailing" in 71°C analysis.

The residue was then taken up in

acetone and analyzed.

TV.

The Photochemistry of e-methyl--nitrostyrene(I) under 1\12
Synthesis of 6-methy1-5-nitrostyrene(I)
22
was used for the synthesis of
The rethod of Gairaud and i,appin

B-methyl-a-nitrostyrene(I).

Benzaldehyde (10 g.), 10 ml. of nitroetnane

and 4 g. of amonium acetate were added to 40 ml. of glacial acetic acid.
The resulting solution was refluxed for two hours and then poured into
Ice-water.

The yellow solid was collected

ethanol (7.37 g., 48% yield).

and

recrystallized from

The melting point was 62-63°C (reported,22

16
64-65°C).

The infrared spectrum shows prominent bands at 6.08, 6.67,

6.95, 7.25, 7.6, 10.2, 11.5, 14.25 microns.

Prominent peaks in the mass

spectrum are observed at 163, 146, 135, 133, 117, 116, 115, 105, and 91
atomic mass units.

The parent peak is observed at 163 atomic mass units.

irradiation of 3-7ethyl-a-nitrostyrene(I) in acetone
A.

With pyrex immersion well

;. solution of 0.6543 g. of 3-methy1-8-nitrostyrene(I) in 550 ml. of
fresh reagent grade acetone was degassed for 30 minutes with N,.

The

solution was then irradiated for 90 minutes with a Hanovia 550-watt
medium-pressure mercury arc lamp.

The solution was stirred continuously

and a stream of N2 passed througn the solution throughout the irradiation.

The temperature was maintained between 32°C and 40°C during the

irradiation.

Analysis of the reaction mixture by ultraviolet spectros-

copy clearly snowed the disappearance of the band at 305 nm. and the
for:ration of a new band at 250 nm.

The 305 nm. band rapidly decreased

during the first half hour with the 250 nm. band showing up during the
second half hour of irradiation.

Benzophenone (0.718 g., 0.0039 mole)

was then added to the reaction mixture and the solution was concentrated
under reduced pressure.

Vapor phase chromatographic analysis of the con-

centrate showed a peak with a retention tine of 13.5 minutes corresponding to 1-pheny1-1,2-propanediohe-l-oxi-e(II).

The area under the peak

was 1480 counts while the area under the internal standard was 4210
counts.

The relative response value for 1-pheny1-1,2-propanedione-l-

oxine(II) was determined to be 0.60.
lated to be 58.6%.
b.

The yield of oxiire Ii was calcu-

No other siolificant peaks were found.

With cuartz immersion well

A solution of 0.6543 g. of a-methyl-a-nitrostyrene(I) was irradiated
as described previously.

The irradiation time was reduced to one-half

17

hou_ .

Ultraviolet spectroscopy snowed that the band at 305 nm. had

rapidly decreased and had disappeared with 30 minutes irradiation time.
Benzophenone (0.718 g., 0.0039 moles) was added to the reaction mixture
and the solution was concentratea under reduced pressure.

Vapor phase

chromatographic analysis of the concentrate showed a major peak with a
retention tine of 13.5 minutes corresponding to 1-pheny1-1,2-propanedione-l-oxime(II).

The area under the peak was 1500 counts while the

area under the internal standard was 4270 counts.

Using a relative

response value of 0.60, one calculates a 58.5% yield for the oxime II.
Several minor peaks were observed including minor amounts of benzaldehyde()II) and 1-phenyl-1,2-propanedione(XX)CIV).

The irradiation in

quartz apparently results in the formation of a number of minor products
a1on.7 with the oxime II.
C.

Aqueous with pyrex iLmersion well

The aqueous acetone was prepared by dissolving 30 ml. of distilled
water in 520 ml. of reagent grade acetone.

The 8-rethy1-8-nitrostyrene(I)

was then dissolved in the solution and irradiated for one hour in the
standard manner.

After addition of benzophenone as an internal standard

the irradiation mixture was evaporated to dryness under reduced pressure.

The residue was taken up in fresh anhydrous acetone and subjected

to VPC analysis.

The yield of oxiLe II was calculated to be 101%.

Irradiation of B-methyl-a-nitrostyrene(I) in methanol
A.

Anhydrous with pyrex inversion well

A solution of .--nethy1-6-nitrostyrene(I) in anhydrous methanol was
prepared as previously described.

The solution was degassed and irradi-

ated in the standard manner for one hour.

The ultraviolet spectrum

again showed the 305 nm, band to disappear on irradiation while a band

at 250 nm. was formed.

The reaction mixture containing benzophenone as

an internal standard was concentrated under reduced pressure and subjected to VPC analysis.

Small amounts of benzaldehyde(XXXIII) and

1-pieny1-1,2-propanedione(XXXIV) were present along with a 48% yield of
oxine II.
B.

Anhydrous with quartz Immersion well

The standard solution of ---methyl-$-nitrostyrene(I) was prepared,
degassed and irradiated for one hour.

The ultraviolet spectrum was

recorded for each aliquot sample as the reaction progressed.

The abr:orp-

tion at 305 nm. (due to the unsaturated nitro group) was shown to disappear quickly.

The band at 250 nm. (due to the oxime) was shown to

increase to a maximum after approximately one-half hour, then to decrease
as the irradiation continued.

The irradiation mixture was concentrated

under reduced pressure and subjected to VPC analysis.

The yield of

1-phenyl-1,2-propanedione-l-oxime(II) after one hour irradiation was
calculated to be 23.6%.
C.

Aqueous with pyrex immersion well

Aqueous nethanol was prepared by dissolving 30 ml. of distilled
water in 520 ml. of anhydrous methanol.

A sarple of B-nethyl--nitro-

styrene(I) (0.6543 g., 0.004 mole) was dissolved in the aqueous methanol
and the solution degassed for one-half hour. The solution was then
irradiated for one hour under a continuous stream of N
2'

The irradiation

mixture containing benzophenone as an internal standard was taken to
dryness under reduced pressure.

The residue was taken up in acetone and

analyzed on a 20% SE-30 column at 170°C.

The yield of 1-pheny1-1,2-

oropanedione-i-oxime(II) was calculated to be 100%.

1%

Irradiation of )3-methy1-6-nitrostyrene(I) in 2-propanci with py/ex
immersion well
The standard solution of I in 2-propanol was prepared, degassed and
irradiated.

The reaction mixture containing tenzophenone as an internal

standard was concentrated under reduced pressure and analyzed on a 204:
SE-30 column at 170°C.

Benzaldehyde()QXIII) was detected in 8% yield and

l-pheny1-1,2-propanedione-1-oxime(II) was found to be present in 63.7%
yield.

A number of very minor peaks were noted but not identified.

Irradiation of a-methyl-$-nitrostyrene(I) in cyclohexane
A.

With pyrex immersion well

The standard amount of 8-methy1-a-nitrostyrene(I) was dissolved in
cyclohexane and the resulting solution degassed for one-half hour.

The

solution was then irradiated for one hour under a continuous stream of
N

2'

Analysis of the ultraviolet spectra for the aliquots reveals that

the absorption band due to the unsaturated nitro group is shifted from

305 nm. to 290 nm. The rate of disappearance of the band was significantly slower than for any of the previously studied solutions.

A small

amount of .--methyl-e-nitrostyrene was still present after one hour of
irradiation.

Benzophenone was added to the reaction mixture.

The mix-

ture was then concentrated under reduced pressure and analyzed on a 20%
SE-30 column at 170°C.

No less than ten peaks were noted.

The oxime II

was found to be present in 9.5% yield.
B.

With quartz immersion well

A solution of I in cyclohexane was prepared as previously described.
The solution was degassed for one-half hour with N2 and the irradiation
started.

As was the case with pyrex, the rate of disappearance of the

band at 290 nm. was slower than for any of the other solvents studied.
TWo bands were observed to be forired at 250 nm. and 240 nm.

The absorp-

2

tion at 2;_.0 nm. and 240 nm. was observed to decrease on continued irradiation.

After one hour irradiation tine benzoohenone was added and the

reaction mixture was concentratea under reduced pressure.

Analysis on a

20% SE-30 column at 170°C showed no less than twelve pea

present.

A

significant peak was noted with a retention tire of approximately 4.3
minutes.
failed.

Several attempts to match this band aainst known compounds
The peak due to 1-phenyl-1,2-propanedicne-l-oxine(II) was

absent.
Irradiation of 8-methyl-a-nitrostyrene in tetranydrofuran (THF)
A.

With pyrex imrersion well

The irradiation of I in THF was carried out in the manner previously
described.

Ultraviolet spectra were obtained from aliquot samples during

the irradiation.

The band coiresponding to the unsaturated nitre compoun:

was found to decrease at about the sane rate as observed for several other
solvents.

The reaction mixture containing benzophenone as an internal

standard was concentrated under reduced pressure and the concentrate
analyzed on a 20% SE-30 column at 170°C.
be present in 54.2% yield.

The oxire II was calculated to

A second lame peak was noted with a reten-

tion tine of approximately 8.8 minutes.

The identity of the compound

responsible for this peak was not determined.

A number of very small

peaks were also noted.
B.

With quartz immersion well

A solution of 6-nethyl--nitrostyrene(I) in tetrahydroniran was
irradiated in the standard manner.

Ultraviolet studies of the aliquot

samples showed the band at 305 nm. to disappear at a rate comparable to
that Observed for other solvents.

After one hour of irradiation benzo-

phenone was added and the reaction mixture concentrated under reduced
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pressure.

The concentrate was analyzed on a 20% SE-30 column at 170°C.

Benzaldehyde(XXXIII) (11%), 1-pheny1-1,2-propanedione(XXIV) (9.6%), and
1-phenyl-1,2-propanedione-l-oxime(II) (26.5%) were detected among the
products.

Significant peaks with retention times of 2.8 and 8.8 minutes

were also noted but not identified.
Irradiation of a-methyl-a-nitrostyrene(I) in cyclohexene
A.

With pyrex Immersion well

A 0.6543 g. sanple of IS-methy1-8-nitrostyrene(I) was dissolved in
553 ml. of cyclohexene.

The solution was degassed and irradiated in the

manner previously described.

Analysis of aliquot sarples by ultraviolet

spectroscopy showed the band at 290 nm, to decrease on irradiation at a
rate similar to that observed for cyclohexane (slower than observed for
most other solvents).

The irradiation was stopped after one hour, benzo-

phenone added, and the reaction mixture concentrated under reduced pressure.

The concentrate was analyzed on a 20% SE,30 column at 170°C.

oxime II was found in 44.8% yield.

The

A large peak with a retention time of

approximately 8.7 minutes was noted but not identified.

A numper of much

smaller peaks were also noted.
B.

With quartz innersion well

The sample of I in cyclohexene was prepared and irradiated for onehalf hour in the manner previously described.

As before, the rate of

disappearance of the band due to the unsaturated nitro group was somewhat
slower in cyclohexene than in nost other solvents.
was analyzed in the manner previously mentioned.

The reaction mixture

Results were very

similar to those obtained from a one hour irradiation in cyclohexene
using a pyrex well.

The oxlme II was calculated to be present in 40.6%

yield, along with unidentified substances with prominent peaks with
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retention tines of 4.

and 8.7 minute..

A numte!

srall peaks were

also noted.
Irradiation of r",-methy1-8-nitrostyrene(I) in 2-butanone
A.

With pyrex immersion well

The solution of a-methy1-6-nitrostyrene(I) in 2-butanone was prepared, degassed and irradiated in the standard manner.

Ultraviolet spec-

tra of aliquot samples showed the band at 305 nm. to disappear at a rate
comparable to that observed for irIddiation in acetone and methanol.
concentrated reaction mixture was analyzed in the standard manner.
oxime II was found in 70.5% yield.
B.

The

The

No other prominent peak was noted.

With quartz immersion well

The solution of B-methyl-B-nitrostyrene(I) in 2-butanone was prepared, irradiated for one hour and analyzed in the standard manner.
There were not less than ten peaks noted on VPC analysis.
was found to be present in 21.4% yield.

The oxime II

The remaining peaks were

unassigned.
Irradiation of B-rethy1-0-nitrostyrene(I) in benzene
A.

With pyrex immersion well

The solution of 3-methyl-a-nitrostyrene(I) in benzene was prepared
in the manner previously described.

The band at 305 nm. was found to

decrease upon irradiation in a manner similar to that observed for
2-butanone. VPC analysis on 20% SE-30 at 170°C showed 1-pheny1-1,2propanedione-i-oxime(II) (41.7%), benzaldehyde(=III) and a nunter of
other minor peaks which were unassigned.
B.

With quartz immersion well

The solution was prepared and irradiated in the same manner as
before.

The behavior of the band at 305 nm. in the ultraviolet spectrum
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on irradiation was very similar to that observed for I in benzene with
the pyrex immersion well.

The concentrated reaction mixture, containing

benzophenone as an Internal standard, was analyzed on a 20% SE-30 column
at 170°C.

The appearance of the vapor phase chromatogram was remarkably

similar to the one Obtained from irradiation of I in benzene with the
pyrex innersion well.

The area under the peak corresponding to the

oxime II was calculated to correspond to a 34.35 yield of 1-pheny1-1,2propanedione-l-oxime(TI).
Irradiation of 6-methyl-a-nitrostyrene(I) in absolute ether
A.

With p:,-rex 17rersion well

A solution was prepared by dissolving 6-methyl-B-nitrostyrene(I)
(0.6543 g.) in 550 ml. of fresh absolute ether (Analyzed Reagent, P.C.S.).
The reaction flask was fitted with a condenser as well as a thermometer
and a dispersion tute.

The solution was degassed with N, for one-half

hour and the irradiation started.

The flow of water through the trner-

sion well was adjusted to keep the temperature below 300. VPC analysis
on 20% SE-30 at 170°C showed the oxire II to be present in 45% yield.
No other prominent peaks were noted on the vapor phase chromatogram.
E.

Aqueous ether with pyrex imrersion well

A solution was prepared by dissolving the standard amount of I in
550 ml. of aqueous ether.

The ether was prepared by adding distilled

water to fresh absolute ether (Analyzed Reagent, A.C.2.) until no more
would dissolve.

Water is soluble in ethyl ether to the extent of approx-

imately 1.3% at 2500.23 The reaction vessel was fitted with a condenser,
thermometer and gas dispersion tube.

The solution was degassed for one-

half hour and the irradiation started.

The flow of water through the

irnersion well was adjusted to keep the terperature below 30°C.

Benzo-
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phenone was added as an internal standard and the reaction mixture was
taken to dryness under reduced pressure.

The residue was taken up. in

fresh reagent grade acetone and analyzed on a 20% SE-30 column at 170°C.
The oxine II was found to be present in 85.6% yield.

No other peaks of

any significance were noted.
Irradiation of 6methy1-13-nitrostyrene(I) in 95% ethanol (undenatured
A.

With pyrex ina-ersion well

A solution was prepared by dissolving 0.6543 r. of a-rethyl-Snitrostyrene(I) in 550 ml. of undenatured ethanol (95%).

The reaction

mixture was degassed for one-half hour with N., and the irradiation
started.

The progress of the reaction was followed by withdrawing

aliquot samples and diluting 1 ml. of the aliquot to 100 ml. in a volumetric flask.

The disappearance of the band at 305 nm, in the ultra-

violet spectrum is shown in figure 3.
one hour and benzopnenone added

The reaction was stopped after

s an internal standard.

The reaction

mixture was taken to dryness under reduced pressure and the residue
taken up in acetone.
170°C.

The residue

WPS

analyzed on a 20% SE,30 colurn at

The oxime II was calculated to be present in 105% yield. :4ost

of the measurements were made (including determination of relative
response values) with the oxire II peak near mid-scale.

In this particu-

lar run the oxime II peak was nearly off scale on the chart.
B.

With quartz inversion well

The solution of I in ethanol was prepared and irradiated in the
manner specified above except that a quartz immersion well was used in
place of the pyrex well.

The reaction was stopped after one hour and the

reaction mixture (containing the internal standard) was taken to dryness
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under reduced pressure.

The residue was taken up in acetone and analyzed

on a 20% SE-30 column at 170°C.

Benzaldehyde(XX(III) and the oxime II

(58.5%) were detected among the products.
C.

Anhydrous with pyrex immersion well

The standard solution of I in anhydrous ethanol was prepared and
irradiated in the same manner as previously described.

Analysis by VPC

showed the oxire II to be present in 88% yield.
Irradiation of a-methyi-a-nitrostyrene(I) in glacial acetic acid
with pyrex irLersion well
The standard solution of -methyl-a-nitrostyrene(I) in glacial acetic
acid was irradiated for one hour under N2. Benzophenone was added and the
reaction mixture concentrated under reduced pressure.

Very small amounts

of benzaldehyde(XXXIII) and 1-phenyl-1,2-propanedione(X)XIV) were detected
along with a 72% yield of 1-phenyl-1,2-propanedione-l-oxime(II).
Synthesis of 1-pheny1-1,2-propanedione-1-oxime(II) from 8-methy1-8nitrostyrene(I)
A solution of 2.4947 g. of B-methyl-a-nitrostyrene(I) in 550 ma. of

95% aqueous ethanol was degassed for one-half hour with N2. The solution
was then irradiated for four hours with a Hanovia 550-watt mercury arc
lamp.

The reaction mixture was taken to dryness under reduced pressure.

The residue was recrystallized from methanol (1.1906 g., 47.7% yield).
The melting point was found to be 162°C (reported,12 161-163°C).
Synthesis of 1-oheny1-1 2-propanedione(XXXIV) from 1-phenyl-1,2propanedione-l-oxime(II)
1.8 g. of oxi7e II and 15 ml. of formaldehyde were added to 5 ml.

of 5% hydrochloric acid. The solution was heated for one hour while the
temperature was maintained between 80°C and 110°C.
was cooled and 20 ml. of water added.

The reaction mixture

The aqueous solution was then

extracted three times with 30 ml. of diethyl ether.

The ether layers
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were conbined and the ether distilled off to give a pale yellow oil.

The

infrared spectrum and retention time on a 20% SE-30 column proved to be
identical with an authentic sample of)00C7/(Eastman No. 3415-lot No.
681 B).
V.

The Photochemistry of 13-tTethy1-a-nitrostyrene(I) under 0,

Ivradiation of i3-methy1--nitrostyrene(I) in 95% ethanol (undenatured) with pyrex immersion well
A solution was prepared by dissolving 0.6543 g. of a-nethyl-nitrostyrene(I) in undenatured 95% ethanol.

Oxygen gas was then passed

througi: the solution for one-half hour and the irradiation started.
Aliquots were removed during the progress of the L.ladiation and 1 ml.
of the aliquot was diluted to 100 ml. in a volumetric flask and the
ultraviolet spectrum was recorded.

The disappearance of the band at

305 nm- in the ultraviolet spectrum is shown in Figure 2.

The reaction

was stopped after one hour and the reaction mixture concentrated under
reduced pressure.

During one run the reaction mixture was taken to

dryness and chromatographed on silica gel.

Elution with a series of

solvents gave 1-pheny1-1,2-propanedione(X)XIV) as the only identifiable
product.

During a second ran brown gas was noted be-ing evolved durin:-

the concentration and white crystals were found in the concentrate.
The infrared spectrum of the crystals proved to be identical with that
of an authentic sample of benzoic acid.

It was found that benzoic acid

and 1-phenyl-1,2-bropanedione(XXXIV) have nearly the sane retention
tine on 20% SE-30.

Carbowax allows one to separate 1-pheny1-1,2-

propanedione(XXXIV) from benzoic acid (benzoic acid is extrenely slow
througta the carbowax column) and the 20% SE-30 column allows one to
analyze for the other products.

In a typical run the 20% SE-30 colunn
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was held at 130c C for c minutes. ...urino- this time the benzaldehyde(XXXIII),
diketone(XXXIV), and benzoic acid came through the column.

The temper-

ature was then increased to 240°C at a rate of 8°C per minute in order
to bring out the internal standard.

Using a combination of the two

columns and temperature programing the reaction mixture was found to
contain 50% benzoic acid, 7% benzaldehyde(XXXIII), 5% 1-pheny1-1,2propanedione(X0XIV) and a number of other (3 indicated on VPC) products
which were not identified.

Not even traces of 1-pheny1-1,2-propaneaione-

l-oxime(II) could be detected In the reaction mixture.

Irradiation in

aqueous acetone unaer C also failed to yield any oxime II.
2
Irradiation of 1-phenyl-1,2-propanedione-l-oxime(II) in 95%
ethanol (undenatured) with pyrex imrersion well
A solution was prepared by dissolving 0.6543 g. of 1-phenyl-1,2propaned1one-l-oxime(II) in 553 ml. of undenatured 95% ethanol.
of 0 was passed throu4-1 the solution for one-half hour.
2

A stream

The irradiation

wascarriedoutformeholirunderacontilluousstreamof02.The reaction was followed by taking aliquots, diluting to 100 ml. and recording
the ultraviolet spectrum.

The solution was concentrated and the concen-

trate analyzed on a 20% SE-30 column at 170°C.

Both the ultraviolet spec-

trum and the VPC studies showed that the concentration of 1-pheny1-1,2propanedione-l-oxime(II) had not decreased after a one hour irradiation
under 0
2*
I.

The Photochemistry of --methy1-13-nitrostyrene(i) under NO

Irradiation of 13-methy1-13-hitrostyrene(I) in 95% ethanol (undenatured) with pyrex immersion well
A solution was prepared by dissolving approximately 0.6543 g. of
.3-methy1-6-nitrostyrene(I) in 550 ml. of undenatured 95% ethanol.
solution was then degassed with N2 for one-half hour.

The

A stream of NO

was :hen buboled through the solution and the in diation started.
Aliquots were removed during the progress of the irradiation and 1 ml. of
the aliquot was diluted to 100 ml. in a volumetric flask and the ultraviolet spectrum was recorded.
is shown in Figure 4.

The disappearance of the UV band at 305 nm.

The irradiation was stopped after one hour and

benzophenone was added as an internal standard.

The reaction mixture

was concentrated under reduced pressure and analyzed on a 20% SE-30
column at 170°C.

VPC analysis showed benzaidehyde(XXXIII), 1-pheny1-

1,2-propanedione000CIV) and 1-phenyl-1,2-propanedione-l-oxime(II) (30%)
to be present.

The following day the reaction mixture was taken to dry-

ness and the residue taken up in acetone and analyzed on a 20% SE-30
colurn at 170°C.

The peak corresponding to the oxime II was missing;

only oenzaldehyde(XXXIII) (40%) and 1-phenyl-1,2-propanedione(XXXIV)
(30%) Per-air-lea among the identified products.

VII.

The Photochemistry of other alpha,beta-unsaturated nitro compounds
under N
2

Irradiation of 2,5-dinethov-a-rethyl--nitrostyrene(MV) with
pyrex imuersion well
A.

In 95% methanol

A solution was prepared by dissolving 0.842 g. of 2,5-dimethcxy-metnyl-a-nitrostyrene(XXXV) (Aldrich No. 14,022-8) in 550 ml. of 95%
aqueous methanol.

The solution was degassed with N for one-half hour
2

and the irradiation started.

During the two hour irraaiation the solu-

tion changed from light yellow (t=0) to green (t=15 minutes) to a very
dark color (t=30 minutes).

VPC analysis on a 20% SE-30 column at 170°C

showed only the internal standard and two very small peaks at 7.3 minutes
and at 8.0 minutes.

The ultraviolet spectra seemed to indicate some

disappearance of the unsaturated group at 300 nm. (see Figure 2).

How-

ever, no appreciable product could be found via VPC.

VPC analysis o

the reaction mixture on 3% SE-30 at 185°C showed starting material and
benzophenone (internal standard) as the only peaks present.

The mass

spectrum of 2,5-direthoxy-B-methy1-E-nitrostyrene(XXXV) shows prominent
peaks at 206, 192, 176, 162, and 161 atomic mass units.

The parent

shows up at 223 atomdc mass units.
B.

In aqueous acetone

A solution was prepared by dissolving 0.842 g. of 2,5-dimethoxya-methy1-8-nitrostyrene()GXV) (Aldrich No. 14,022-8) in a solution containing 30 ml. of distilled water and 520 ml. of reagent grade acetone.
The solution was degassed for one-half hour with N2 and the irradiation
started.

The sample was irradiated for two hours and the progress of

the reaction followed by recording the ultraviolet spectra.

The band

at 300 nn. seemed to disappear more slowly than was observed for the
Irradiation of -methyl-B-nitrostyrene(I).

The color was observed to

change from lit yellow to a very dark yellow color.

Benzophenone was

added and the reaction mixture was taken to dryness under reduced pressure.

The residue was taken up in acetone and analyzed on a 3% SE-30

column at 185°C.

The peaks obtained conspond to starting material

MAT, benzophenone and three minor and unassigned peaks.
Irradiation of 2-nitrothiophene(XXXVI) in aqueous methanol with
pyrex inLersion well
A solution was urepared by dissolving 0.5192 g. of 2-nitrothiopnene000(VI) (Aldrich No. N2700-4) in a solution consisting of 30 mi.
of distilled water and 520 ml. of anhydrous methanol.

The solution was

degassed for one-half hour and the irradiation started.

The progress of

the reaction was followed by taking aliquots and recording the ultraviolet spectra.

These spectra showed bands at 310 nn. and at 285 mm. to

be decreasing; the solution changed from colorless (t=0) to light yellow
(t=30 minutes) to brown (t=one hour) during the course of the irradiation.
The solution smelled strongly of H2S or other sulfUr compounds.

VPC

analysis of the concentrated reaction mixture on a 20'7, SE-30 column at
170°C showed a small amount of starting compound XXXNI as the only peak
present.
Irradiation of a-nitrostyrene in 95% ethanol (undenatured) with
pyrex immersion well
A 0.6543 E. sample of a-nitrostyrene (Aldrich No. N2680-6) was
dissolved in 550 mi. of 95% ethanol.
the inadiation started.

The sarple was degassed with N2 and

The progress of the reaction was followed by

taking aliquot sarples, diluting to 100 ml. and recording the ultraviolet
spectra.

The intensity of the band at 305 nm. decreased more slowly than

was observed for the irradiation of a-methyl-a-nitrostyrene(I).
ress of the reaction is illustrated in figure 4.
stopped after four hours.

The prog-

The irradiation was

The reaction mixture was concentrated and

analyzed on a 205 SE-30 column at 170°C.

Significant amounts of 8-nitro-

styrene(V) (starting material) and benzaldehyde(XXXIII) were detected,
along with benzophenone (internal standard).
peaks were also noted in the chromatogram.

A number of very minor

The mass spectrum of a-

nitrostyrene contains prominent peaks at 132, 119, 103, and 102 atomic
mass units, and the parent peak at 149 atomic mass units.

CHAPTER IV
RESULTS

A standard technique for the irradiation and analysis of solutions
of (3-methyl-a-nitrostyrene(I) has been developed.

Response factors have

been determined for 1-phenyl-1,2-propanedione-l-oxime(II), 1-pheny1-1,2propanedione(X(IV), benzaldehyde(XXXIII) and benzoic acid according to
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the method of Rosie and Grob;
these are given in Table I.

A solution

of approximately 0.6543 g. of t3-methy1-6-nitrostyrene(I) in 550 mi. of
solvent was irraliated for one hour with a Hanovla 550-watt rrercury arc
lamp.

Both pyrex and quartz filters (iarrErsion wells) were employed.

The yield of oxiae II obtained in each of the solvents employed is
summarized in Table II.

The data from the disc integrator used to cal-

culate yields of the oxiae II is summarized in Table III.
The yield of 1-phenyl-1,2-propanedione-l-oxime(II) was noted to be
extrerely high on irradiation in 95% ethanol.

Samples of 6-methyl-a-

nitrostyrene(I) were irradiated in a number of other aqueous solvents in
order to determine the effect of water on the yield of oxirr

II.

The

results of this study are summarized in Table IV.
In order to investigate the possibility that substituents on the
phenyl ring of (3-methyl--nitrostyrene might alter the ease of rearrangement, a sample of 2,5-dirrethoxy-a-methyl-$-nitrostyrene(XX(V) was
irradiated.

A solution of 0.842 g. of 2,5-direthoxy-B-methyl-F,-nitro-

styrene(XXXV) in 550 ma. of 95% ethanol was irradiated for one hour.
The progress of the reaction was followed by recording the ultraviolet
31
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spectra.

The results are shown in Figure 2.

The rate of disappearance

of the nitrc group is slower than that recorded for the irradiation of
a-methyl-a-nitrostyrene(I) in 95% ethanol (Figure 3).
detected in the reaction mixture.

No oxime could be

The mass spectrum of 2,5-dinethoxy-e.-

methyl-a-nitrostyrene(XXXV) was obtained courtesy of Vanderbilt University.

A peak corresponding to an m/e of 193 (parent - NO) was not

observed.
Recently Hunt and Reid5 have observed the rearrangement of 2-nitrofuran(XXIX) to 3-hydroxylraino-2-oxo-2,3-dihydrcnaran( DOCI) in 79% yield
and the rearrangement of 2-nitropyrrole(XXX) to 3-hydroxyimino-2-oxo2,3-dihydropyr.mde(X=I) in 15% yield.

We have irradiated 2-nitrothio-

phene()MTI) under conditions similar to those employed by Hunt and Reid.
While 2-nitrothiophene(XXXVI) did appear to decompose on irradiation, no
oxime could be detected.
It has been previously reported that irradiation of 6-n1trostyrene
(V) in solution caused only cis-trans isomerization with neither dimer6izaticn nor rearrangement observed.7

We have irradiated

--nitrostyrene(V)

in 95% ethanol and have followed the progress of the irradiation by
recording the ultraviolet spectra (Figure 4).

No oxime could be detected

in the reaction mixture following a two hour irradiatIon.

The mass

spectrum of B-nitrostyrene(V) has been obtained courtesy of Vanderbilt
University.

The peak in the mass spectrum corresponding to loss of NO

from the parent ion (m/e=119) is less abundant than the corresponding
peak from 8-methy1-6-nitrostyrene(I).
The effect of 0 on the rearrangement of 6-methy1-6-nitrostyrene(I)
2
to oxime IT has been investigated.

The yield of oxime II in 957 ethanol

is reduced from 100% to 0% by irradiation under a continuous stream of
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The products identified via vapor phase chromatography include ben-

zoic acid (50%), benzaldehyde(XXXIII) (7%) and 1-pheny1-1,2-propanedione(XXXIV) (5%).

The irradiation was followed by recording the ultra-

violet spectra and is shown in Figure 9.
A sample of 0.6543 g. of oxine II in 95% ethanol was irradiated for
immersion well) in order
one hour under a continuous stream of 02 (pyrex
to detemine whether or not the oxine II could be photooxidized to benzoic
Both

acid, benzaldehyde(XXXIII) and 1-phenyl-1,2-propanedione(XXXTV).

the ultraviolet spectra and analysis by VPC showed the oxine II to be
inert to photooxidation under the conditions emloyea.
Irradiation of a-methyl-B-nitrostyrene(I) in 95% ethanol under a
stream of NO (Figure 6) was found to initially form the oxime II in 30%
yield, along with benzaldehyae(X)XIII) and l-pheny1-1,2-propanedione(X0OCIV).
The reaction mixture was allowed to stand overnight and was then concentrated under reduced pressure and subjected to analysis by VPC.

After

standing and concentration the reaction mixture was found to contain 40%
benzaldehyde(XXXIII) and 30% diketone XXXIV.
Samples of a-methyl-a-nitrostyrene(I) used in the irradiations were
prepared according to the method of Gairaud and Lappin.The compound
was obtained in approximately 48% yield (after recrystallization from
methanol) with a melting point of 62-63°C (reported,'2 64-65°C).

The

oxine II was prepared by irradiation of a-methyl-Ci-nitrostyrene(I) in
aqueous methanol.

The compound was obtained in 47.7% yield after

recrystallization from the methanol, with a melting point of 161°C
(reported,12 162°C).

The infrared spectrum and ultraviolet spectrum are

12
Samples of 1-pheny1-1,2In agreement with those reported by Hoganson.
propanedione(XXXIV) were prepared by the hydrolysis of the oxime II and
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obtained commercially fror Eastman (no. 3415-1ot no. 681 B).

Benz-

aldehyde(XXXIII) and benzoic acid observed as photoproducts were found
to have the sane spectral characteristics and retention times as comerdaily available authentic sarples.

TABLE I

DETERMINATION OF RELATIVE RESPONSE VALUES

PEAK AREA

PEAK AREA FOR
DT=NAL STANDARD

RESPONSE
FACTOR

BENZOPHENONE

CO!.TO-UND
1-pheny1-1,2-propanedione-1-ox1me

822

1370

60.0%

1-pheny1-1,2-1-propanedione

580

831

69.8%

benzaldehyde

620

856

72.4%

benzoic acid

317

825

38.4%

TABLE II
SOLVENT EFFECT IN PYREX AND QuArfiz rilmERSION WELLS

SOLVENT USED FOR IRRADIATION

YTET J) OF OME

PYREX WELL

YIELD OF OyamE
QUARTZ WELL

ACETONE

58.6%

58.5%

2-BUTAN0NE

70.51

21.4%

DIFTHyLeTHER

45.01

TETRAHyDROFURAN

54.2%

26.5%

I.ETHANOL

48.0%

23.6%

ETHANoL (AaSoLUTE-uNDENATt=)

88.0%

2-PRopAN0L

63.7%

ACETIC ACID

72.0%

RFIcZENE

41.71

34.3%

cycLOHD0a

44.8%

40.6%

CyCLCHEXANE

9.51

0.0%
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TABLE III

DISC INTEGRATOR DATA FOR CALCULATION OF THE YIELD OF OXIME II

YIFTP

PEAK AREA

PEAK AREA

MUNE II

BENZOPHENONE

ACETONE
ACETONE (AQUEOUS)

1480
1390

4210
2290

58.6%
101.0%

2-BUTANEONE

1240

2930

70.5%

ETHER
ETHER (AQUEOUS)

940
1130

3470
2200

45.0%
85.6%

760

2340

54.2%

METHANOL
:ETHANOL (AQUEOUS)

920
1650

3200
2750

48.0%
100.0%

ETHANOL
ETHANOL (AQUEOUS)

2170
2940

4100
4630

105.0%

2-PROPANOL

1540

4030

63.7%

BENZENE

840

3360

41.7%

CYCLOHEXENE

710

2640

44.8%

CYCLOHEXANE

180

3160

9.5%

ACETIC ACID

1830

14220

72.0%

SOLVENT

THF

OXINE II

88.0%

38

TABLE IV
NTT-Frr) OF OXDIE II IN AQUEOUS ORGANIC SOLVENTS

SOLVENT USED FOR IRRADIATION

ACETONE (95:5)

DIETHYL ETHER (99:1)

% YIELD OF OXIME II

101.0%

85.6%

METHANOL (95:5)

100.0%

ETHANOL (95:5)

105.0%

!

220

260

360

110

300

420

nm
Photochemistry of 2,5-diethoxy-a-methy1-6-n1trostyrene
In 95% MEOH under N2
Irradiation times, min.:

1
2

0
30
3 60
4 120

0.1

220

260

360

300
X, nm

Photolhemistry of a-methy1-6-n1trostyrene in 95% ETOH under N
Irradiation time, min.:

1
0
2 15
3 30
4 60

2b0

400
, rim

Photochemistry of a-nitrostyrene in 95% ETOH under 1,I2
Irradiation time, min.:

1
0
2 30
3 60
4 120
5 2140

gm*

220

260

300
X, nm

360

3140

Photochemistry of B-methyl-a-nitrostyrene in 95% ETOH under
Irradiation time, min.:

I
2

0
15

3 30
/4 6o

230

270

310

390

A, nm
Photochemistry of e—methyl-S-nitrostyrene in 95% ETON under NO
Irradiation time, min.:

0
1
2 15

3 30
4 50

Clii-LFTER V
DISCUSSION
A check of the chemical literature reveals a state of confUsion
over the role of acetone in the photo-induced rearrangement of a, -unsaturated nitro compounds.

Acetone is the most commonly used irradiation

solvent and has been reported to sensitize the nitro-nitrite rearrangp2
ment.

This role has been questioned, at least in the case of 6-nitro-

'
cholesteryl acetate(III), by Reid et ai.3

initial studies were an
"
Dur

attempt to determine whether or not acetone acts as a sensitizer in the
Irradiation of 8-methy1-8-nitrostyrene(I).
A solution of I In fresh reagent grade acetone was irradiated in
pyrex under nitrowen gas for one hour.

Gas chromatographic analysis of

the reaction mixture revealed the presence of l-phenyl-1,2-propanedionel-oxime(II) in approximately 58.6% yield.

This is siolificantly lower

than the 81% yield previously reported2 and was the subject of much concern in the early stages of our study.
Other solvents were used for the irradiation of I in an attempt
to determine the sensitivity of the nitro-nitrite rearrangerent to solvents and sensitizers.
Table II.

The results of this study are summarized in

Several solvents gave yields of the oxime II as high or

nearly as nigh as those previously obtained in acetone.

The conversion

of -methyl-B-nitrostyrene(I) to l-phenyl-1,2-propanedione-l-oxime(II)
was approximately quantitative in undenatured 95% ethanol.

Lai

Since the

yield in methanol was much less than quantitative, water was siigested
as a possible source of the "problem."
A series of irradiations were carried out using the same concen,.tration of ---methyl-B-nitrostyrene(I) as before, but with the addition
of small amounts of water.

These results are summarized in Table IV.

The oxire II formation appears to be highly favored by the presence of
even small amounts of water (i.e. the yield of 1-phenyl-1, -propanedionel-oxine(II) in diethyl ether increases from )45% to 85.6% by the addition
of approximately 1% water).

This leads us to believe that the higrier

yields of oxime II in acetone (which was proposed as a sensitizer for the
nitro-nitrite arrangenent in 6-methy1-6-nitrostyrene(I)) were in fact due
to the presence of a small amount of water in the irradiation solvent.
The precise function of water in the formation of 1-pheny1-1,2propanedione-l-oxime(II) is not clear.

Water, acid and bases are known

to catalyse the tautomerisn of a C-nitroso compound to an oxime.24
There is some precedence for the function of water as a catalyst for the
lilt-induced tautomerism.

25
Fin,-ton et a1.
have reported that water and

other hydroxylic solvents catalyse the tautomerism of the C-nitroso compound to the oxine in the photochemistry of nitrite esters Marton
Reaction).

Chow et al.26 found that irradiation of the anti-diners of

certain C-nitroso compounds under nitropen caused dissociation to the
.„-nitroso manoner which then underwent photodisproportionation, tautonerism and dimerization.

The predominant process was found to depend upon

the structure of the nitroso compound and the reaction media.
Irradiation of the anti-diner of trans-l-nitroso-2-chlorocyclohexane(XX(VII) in benzene under nitromn gas gave a mixture of the syn.:direr XXXVIII of XXXVII, trans-l-nitrato-2-chlorocyclohexane(X)OXIX) and

cyclohexyi chioride(AL).

The same products were slowly formed on irradi-

ation of XXVII in methanol.

A small quantity of N,N,0-tri(2-cnloro-

cyclohexyl)hydroxylamine(XLI) was also isolated from the irradiation of
XXVII in methanol.
anti

CI)
2
hi\J

NO

X7,1

AL

Irradiation of a methanolic solution of the anti-dimer of trans-1nitroso-2-piperidinocyclohexane(XLII) containing hydrochloric acid gave
a 65-75% yield of anti-l-piperidinocyclohexanone oxime (XIJII).

The

rearrangement was slow at room temperature in the absence cf 1.141t.

ant

hv •
NO
C4D
/2

hv
MEOH,
HCI
OH

The smooth rearrangement was attributed to the formation of an
29
which undergoes a facile proton transexcited dipolar C-nitroso species
fer.

The facile rearrangenent prevented photodisproportionation and

dimerization.

OS.

0)
(a°
XLII

XIIII

It is interesting to note that the nitroso ketone from a-methyl-a-nitrostyrene(I) would be capable of functioning in a similar manner.

/CH3

NO,

:0 S1
z

C= C7

h

C — C

CH3

I `7
\ .C olit
0— C
1
I
H
N
t_

6*

0
H
2°
NOH

s-

This would accelerate the tautomerism of the photolabile nitroso ketone
to the oximino ketone II.

It should be noted, however, that irradiation

of a-methyl-a-nitrostyrene(I) in glacial acetic acid gave only a 72%
yield of 1-phenyl-1,2-propanedione-l-oxime(II).
One must also consider the possibility that water is acting upon
the excited state of 8-methyl-a-nitrostyrene(1) directly.

Examples have

been reported27 where a solvent will selectively solvate or complex with
an excited state to promote one mode of decay or reaction over the others.
Polar solvents are known to stabilize the n,7* excited state.

Th

‘,/,?ry low yield of 1-pheny1-1,2-propanedione-l-oxime(II) fram

the ir1

Ion in cyclohexane is in excellent agreement with the obser-

3 on the irradiation of 6-nitrocho1esteryl

vation by S. T. Reid et al.
acetate(III).

Since a benzyl-type radical is postulated as an intermediate in the
nitro-nitrite rearrangement, one night expect the rearrangerent to be
sensitive to substituents on the benzene ring of a-methyl-a-nitrostyrene
(I).

A sample of 2,5-dimetho)w-a-methy1-a-nitrostyrene(XX(V) was irradi-

ated in both acetone and 9% ethanol.

The ultraviolet absorption at 300

rim. due to the unsaturated nitro grouf was found to decrease much more
slowly on irradiation than was the case for a-rethyl-a-nitrostyrene(I).
Gas chromatograpnic analysis of the concentrated reaction mixture failed
to detect any oxire II.

It is also interesting to note that unlike

a-nitrostyrene(V) and a-rethyl-a-nitrostyrene(I), 2,5-di1Tethoxy-B-rethyla-nitrostyrene(XXXV) does not show any significant 14-30 peak in the mass
spectrum corresponding to the loss of NO from the parent ion.

A rather

intense peak was noted at M-6l which may be due to the loss of both -OCH3
and NO.

Further studies are warranted on the substituent effect on the

nitro-nitrite rearrangement and mass spectral fragmentation.
Irradiation of a-nitrostyrene(V) was carried out in 95% ethanol
using a pyrex immersion well.

The ultraviolet absorption at 320 rim.

corresponding to the unsaturated nitro 4 up was observed to decrease
on irradiation at a rate much slower than was observed in the case of
13-retlw1-8-nitrostyreneM.

We were unable to detect significant amounts

of oxime on gas chromatographic analysis of the concentrated reaction
18
mixture. This is in agreement with the observation by Chapman et al.
that the a-methyl group functions to sterically force the nitro group out

of the plane of the carton,-carbon double bond and into a geometry more
favorable for rearrangement.

Hunt and Reid

have studied the photorearrangerrent of 2-nitro-

furan(XXIX) and 2-nitropyrrole(XXX).

Irradiation of XXIX and XXX in

acetone was found to yield 3-hydroxyimino-2-oxo-2,3-dihydrofuran()CXXI)
and 3-hydrovimino-2-oxo-2,3-didropyrrole(OCKII) in 79% and 15% yields
respectively.

We have found that 2-nitrothiophene(XXXVI) does not

readily tend to rearrancre on irradiation in aqueous methanol.

NON
I

=11

NONE

The resonance energies norrrally given for the fttrar., pyrrole and thio28
phene systems are 16, 21 and 29 kcal/mole respectively.

We might,

therefore, expect the furan system to behave most like a nitroalkene
while the thiophene should behave most like an aromatic nitrc compound.
This is in good agreement with the experimental observations.
The effect of oxygen on the formation of 1-pheny1-1,2-propanedionel-oxime(II) from 8-methy1-a-nitrostyrene(i) has also been investigated.
A solution of -rethy1-13-nitrostyrene(I) in 95% ethanol was irradiated
(pyrex well) with a stream of oxygen gas passed continuously through the
sample.

The ultraviolet absorption at 305 rim., corresponding to the

a

unsaturated nitro groLc, was Observed to decrease at approximately the
sane rate as previously observed for the irradiation in pyrex under'
The band at 305 nm. had completely disappeared after one hour of
Irradiation.

Benzophenone was added as an internal standard and the

reaction mixture was concentrated under reduced pressure.
trate was then analyzed via gas chromatography.

The concen-

The reaction mixture was

found to contain benzaldehydeMXIII) (7%), benzoic acid (50%) and 1phenyl-1,2-propanedione(XXXIV) (5%).

l-phenyl-1,2-propanedione-l-oxine(II)

could not be detected in the reaction mixture.
Irradiation (pyrex irrersion well) of an alcoholic solution of
l-phenyl-1,2-propanedione-l-oxine(II) for one hour under a continuous
stream of 0 failed to produce any oxidation products.
2

Gas chromato-

graphic analysis of the reaction mixture after concentration under
reduced pressure showed that the concentration of l-phenyl-1,2-propanedione-l-oxime(II) had not decreased on irradiation under 0
2'

This would

seer to indicate that the reaction with oxygen occurrs before the oxime II
can be formed.

The observation that the rate of disappearance of the UV

absorption at 305 nm. is approximately the sane under both N2 and 02
suggests(butdoesnetprove)thatthereactionwith0-is occurring
after the initial rearrangement.

Current ideas about the mecnanism for

the remotion of oxime II from 8-methy1-6-nitrostyrene(I) requires the
formation of an alkoxy radical and nitric oxide.

C =C

CH
/ 3
NO,

ZS)
C= C
H

CH
// 3
)0NO

/ 3

C =C
"
H

O. + NO.

NOH
0-e -C -CH • NO.
/
3
0

I
H

C-CH
II
3
0

-C

CH,
/
C

0
II

Oxygen may be reacting with the nitrite ester, the radical pair or the
C-nitroso ketone.
The photooxidation of 0-nitroso compounds has recently been studied
29
by Chow et al.

They have reported that C-nitroso compounds on irradi-

ation under :;7 either photodisproportionate or tautonerize, depending
upon both the structure of the compound and the reaction neaium.

Irradi-

ation under 0 led principally to the formation of nitrates and nitro
2
compounds.

They propose that nitrate formation must be derived from the

photodissociation of C-nitroso monomers, which is the comnon pathway to
disproportionation.

kinder the photoaxidation conditions the nitric

oxide is quickly intercepted by oxygen to become nitric trioxide.

The

combination of the alkyl radical with nitric trioxide completes the
oxidation process to give the corresponding: nitrate.

CI
NO.
X)(XVII.

•NO
3

02

can consider th' r
tions

OCCUTT'S

C

(?\
C

,y that a siTilar sequence of reac-

in the irradiation of a-nethy1-8-nitrostyrene(I) under 02.

CH
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C
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NO2

CH
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•N
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hv, (S)Nes

ON0

\•
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C

CH
3
c"

CH
r,/ 3

/C
C

0

11

CH
3 _32
N\
0- 10 NO -

N0
3

ON 02

C
0

The nitrate mignt then decompose either thermally or photochemically to
give a mixture of oxidation products.

In the process of concentration

of the photooxidation reaction mixture for

as chromatographic analysis,

a brown gas (probably NO2) has been observed to be liberated during
heating.

The nitrate (XLIV), if formed, night decompose to give the

observed oxidation products.

h vis
C

C
0N0
2

0
- -H

0 0
I
II
0—C—C —013

796

5 96

50%
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While we are unable to prove the precise function of 02 in quenchini-7 the forriation of l-phenyl-1,2-propanedione-l-oxine(II), the scheme
analogous to that of show does seem to fit the experimental observations
rather well.

Further study seems to be warranted in this area.

Chapman and Heckert

30 have observed that irradiation of oxines in

the presence of nitric oxide results in the formation of the aldehyde or
ketone.

Irradiation (pyrex inversion well) of e-nethyl-a-nitrostyrene(I)

in 95% ethanol under NO was followed by observing the ultraviolet absorption at 305 nm.

The rate of disappearance of the 305 nm. band on

irradiation was essentially the sare as that observed for the irradiation under 0 and N,.
2

Benzopnenone was added to the reaction mixture

as an internal standard and the solution concentrated under reduced
pressure.

Initial analysis of the concentrate by gas chronatogaphy

indicated that 1-pheny1-1,2-propanedlone-l-oxime(II) was present, along
with benzaldehyde(XXXIII) and l-phenyl-1,2-propanedione(X)0XIV).

After

standing overnight at room tenperature a second gas cnronatographic
analysis indicated that only benzaldehyde(X)XIII) (40%) and 1-phenyll,2-propanedione(XX)UV) (307) remained.

The unreacted oxine II had

apparently reacted with NO remaining in the ethanolic solution.

Oxines

30
are known to react with NO in both the presence and absence at light.
The mechanism of formation of l-phenyl-1,2-propanedione(00(IV) follows
from the work of Chapman and Heckert.

The mode of formation of benz-

aidehyde(=II) from the irradiation of 0-methyl-a-nitrostyrene(I) in
the presence of NO still remains to be determined.

CHAPTEF-, VI

Acetone has been reported tc be the best solvent for the photoinduced rearrangerent of a-methyl-B-r' rostyrene(I) to 1-pheny1-1,2-propanedione-l-oxime(II) and has been suggested
rearrangement.

s a sensitizer for this

It has been postulated that the methyl group on the

beta-carbon is required for the proper orientation of the nitro group
for rearrangement.
The irradiation of 6-methy1-6-nitrostyrene(i) in several solvents
has been studied and the yield of 1-phenyl-1,2-propanedione-l-oxime(II)
has been recorded.

It has been found that several solvents (glacial

acetic acid, ethanol and 2-propanol) gave yields of oxime II higher than
that recorded for acetone.

We do not, therefore, believe acetone to be

sensitizing the rearrangement.
The irradiation of 8-methy1-6-nitrostyrene(I) was also carried out
In aqueous acetone, ethanol, ether and methanol.

Essentially quantita-

tive yields of 1-phenyl-1,2-propanedione-l-oxime(II) were obtained on
irradiation of a-methyl-e.-nitrostyrene(I) in aqueous acetone, ethanol and
methanol.

The yield of oxime II obtained in diethyl ether was increased

from 45% to 85.6% by the addition of approximately 1% water to the solvent prior to irradiation.

This leads us to believe that water plays an

ilTportant role in the rearrangement.
The irradiation of 6-nitrostyreneV) in aqueous ethanol has been
studied.

The compound apparently fails to undergo the rearrangement
514
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observed for 13-rethyl-f-nitrostyrene(I).

This would tend to verify the

role of the fi-methyl F;roLc on the rearrangerent.
The fact that 2,5-dimethoxy-8-methy1-8-nitrostyrene(XX(V) fails to
undergo significant rearrangement, in conjunction with the absence of a
prominent 1.1-30 peak in its mass spectrum, suggests that the rearrangement is sensitive to substituents on the phenyl ring.
The effect of oxygen on the rearrangerent was also studied.
Irradiation of a-methy1-13-nitrostyrene(I) in aqueous ethanol under a
continuous stream of 0 gave l-phenyl-1,2-propanedione(X)XIV), benz2
aldehyae(XXXIII) and benzoic acid as the major products.
could be detected in the reaction mixture.

No oxire II

The oxire II was found to

be inert to photochemical oxidation under the reaction conditions used.
:his succ-ests that reaction with 02 occurrs prior to oxire fornation.
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